
1 NCBI Exercises 11/4/2009  
 
 
 
 
 
 
 
 

NCBI Exercises Set 1 

Entrez Exercises 

Global Query: Controlled Vocabularies and Limits 
 
Type the word “cancer” in the search box on the NCBI homepage and run the search.  
 

 
 
 
This query returns results in all of the Entrez databases. However the query is interpreted 
differently in different databases.   

PubMed 
 
Retrieve the result for the PubMed database. Look at the “Search details” in the right-hand 
column to see how the query was interpreted in this database.  
 
Notice that the term cancer was translated to the Medical Subject Heading (MeSH) term 
“neoplasms” ("neoplasms"[MeSH Terms]). 
 

 
 
MeSH is a controlled vocabulary that is used to index all articles in PubMed.  In the details box, 
edit the query to remove the portion that searched for cancer as a text word and run the search. 
Notice that the number of articles retrieved has changed. These will be a more relevant set of 
results.  
 
You can force the PubMed engine to only search the MeSH vocabulary by editing the query to 
only search MeSH Terms.  
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Edit the query in the “Search details” so that only the “neoplasms”[MeSH Terms] query 
remains and click the “Search button”. 
 
 
 
 
 
Now run the search with the limit in place and check the “Details” tab to verify that only 
the MeSH term translation was used. 

Nucleotide 
 
The Nucleotide database in the Global query is now three separate databases. The two large 
bulk sequence divisions, the expressed sequence tags (EST) and the genome survey sequences 
(GSS) are in their own separate Entrez databases. The remaining sequence records are in the 
database. 
 
Use the Web browser’s back button to return to the Global query page. Retrieve the results 
for the Nucleotide database.  
 
 
 

 
 
Click the “Details” tab to see how the query was interpreted for this molecular database.  
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In this database, the term cancer was translated into the crustacean genus name Cancer 
("Cancer"[Organism]). The organism field stores NCBI’s taxonomic classification for the source 
organism for the record. This is the most important controlled vocabulary for the bio-molecular 
Entrez databases.  In this case, this translation has an unintended consequence of retrieving 
unrelated records: those from the crustacean genus Cancer, and those containing the term 
cancer most often in the context of the disease. 
 
In the details box, edit the query to remove the portion that searched for cancer in all fields 
so that you are just performing a search with "Cancer"[Organism] and run the search.  
 
This retrieves all of the nucleotide sequences for the genus Cancer. As you did with PubMed and 
the MeSH terms, you can use the “Limits” tab in the bio-molecular databases to restrict your 
search to the Organism field and obtain only the records from the crab genus. 

Taxonomy 
 
Go back to the global query results or run the search again for cancer on the NCBI 
homepage and retrieve the single result for the taxonomy database and click on the linked 
name.  
 
This takes you into the taxonomy browser and allows you to see all entries for the genus Cancer.  
You can check the boxes at the top to see the number of records from this genus in the various 
bio-molecular databases. (You must click the “Display” button to see the numbers.) These 
numbers are hyperlinks that will retrieve the records from the databases. The taxonomy database 
and browser are very useful as a global query for organism names in the bio-molecular 
databases. 
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Nucleotide: Zebrafish prolactin  

Zebrafish nucleotide sequences 
 
Perform a search to retrieve all zebrafish sequences in the Nucleotide database. Use the 
“Limits” tab to select the “Organism” field to force the translation to an organism search.  

Limits: the Properties field 
You can now use the “Limits” to eliminate certain types of sequences from your results.  
 
Click on “Limits” and use the checkboxes to remove the high throughput genomic (HTG or 
Working Draft) sequences from your results. Check the box next to “exclude working 
draft” and run the search.  
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Click on the “Details” tab to see how Entrez managed this query.  
 
Notice the term “NOT gbdiv_htg[PROP]”.  PROP is the abbreviation for the Properties field 

.  
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The Properties field terms are a controlled vocabulary for classifying sequence records. These 
terms are somewhat cryptic, but they are very helpful. Three useful types are the biomol, gbdiv 

and srcdb sets. The biomol terms classify records based on the type and origin of the 

molecule, for example biomol mrna or biomol genomic. The gbdiv sets of terms index 

records by the GenBank division code; gbdiv est, gbdiv pri, gbdiv htg and so on. The 

srcdb terms classify records based upon their database of origin. For nucleotide records these 

could be GenBank, EMBL, DDBJ, RefSeq or PDB (srcdb genbank, srcdb embl, srcdb 

ddbj, srcdb refseq).  Many of the available filters on the “Limits” tab are managed through 

the Properties field terms. 

Preview/Index: adding terms to query 
 
Return to the CoreNucleotide search results. Go into “Limits” again and use the 
“Molecule” drop-down menu to select mRNA and run the search.  
 
The results now contain all non-EST zebrafish mRNA sequences from the primary databases and 
the RefSeq database.  
 
Click on the “Preview/Index” tab.  
 
At the bottom of the “Preview/Index” page, is a search box with a drop-down menu that allows 
you to add terms to your search and restrict to certain fields if you like.   
 
Now, type “prolactin” in the search box. 
 
Although the vocabulary used is not strictly controlled, the name of a gene or gene product is 
generally in the title of a record.  The title is displayed in the “Summary” view in Entrez and is 
identical to the DEFINITION line in a record in GenBank format.  Select “Title” from the drop-
down menu to the left of the search box and click the “Index” button. This checks the index for the 
“Title” field for records having “prolactin in their titles. A list containing term prolactin and its 
expansion is now displayed with the number of records for each term. 
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Select “prolactin” from the list and add it to the search by clicking the “AND” button. Then 
run the search. 
 
 

 

 
The results contain records from GenBank / EMBL / DDBJ and NCBI’s RefSeq database.  The 
RefSeq records are easily identified by their characteristic style of accession numbers. Retrieve 
the RefSeq record for the zebrafish prolactin mRNA (NM_181437). This RefSeq contains 
sequence data derived from a traditional GenBank record, but also has additional annotations 
and cross references added by the NCBI RefSeq staff. Unlike primary database records, this 
RefSeq record will be updated and maintained as the state of knowledge about the biology of this 
gene and organism advances. The results also contain records for zebrafish prolactin receptors 
as well as an additional prolactin 2 transcript. Zebrafish are tetraploid and often retain both gene 
copies from the original duplication as is apparently the case here for the two prolactins and the 
prolactin receptors.  The search also retrieves a gene model RefSeq for the prolactin receptor-like 
transcript (XM_685247). This sequence has been predicted from analysis of the assembled 
zebrafish genome using the NCBI gene prediction program called Gnomon. 

Finding the genomic BAC clone sequence 
 
Retrieve the record for NM_181437 by clicking on the linked title. Click on the “Links” 
menu in the upper right of the record (NM_181437). The expanded “Links” menu is also 
available at the bottom of the right-hand “Discovery” column on the sequence record. 
 
A number of links are displayed. You can link directly to the assembled and annotated whole 
genome shotgun assembly of the zebrafish genome in the Map Viewer. There are also a growing 
number of finished BAC clone sequences from the zebrafish genome project that are available in 
Entrez. You can use the “Related Sequences” feature of Entrez to find a BAC clone that contains 
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the exons of this gene. 

 

 
 
Follow the “Related Sequences” link. 
 
 
 
This provides a list of nucleotide sequences that are related by BLAST similarity. Similarity scores 
are precomputed between all sequences in the database. The related sequences list is ranked in 
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order of decreasing BLAST score. For the nucleotide database, the significance threshold is very 
stringent, so that it is unusual to see nucleotide sequences from other species in the list.  
Therefore, the nucleotide related sequences link is often a useful as a way of collecting all 
sequences for a particular gene and its products from one species. Often you can’t easily collect 
all of them using a text search because of inconsistencies or errors in the annotation.  
  
You should find the sequence from BAC clone DKEY-16P21, accession BX511021, in the 
list of related sequences. Retrieve this record through the linked identifier.  
 
This is a typical finished BAC clone from a genome project. Notice that this is the ninth version of 
this record. In previous versions, this was a draft sequence in the high throughput genomic (HTG) 
GenBank division. You can see all versions of the record in the revision history available through 
the “More Formats” link.  
 

 
  
The revision history for this record shows all the forms it has taken in the Entrez system.  
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The revision history also shows the gi number and accession.version number changes. These 
identifiers change together and only when the sequence itself changes. Other non –sequence 
changes can be made that do not affect these identifiers but are reflected in changes in the 
“Update Date”. 
 
The current version of BX511021 is no longer a draft sequence but is in the traditional vertebrate 
(VRT) division of GenBank.  In contrast to typical traditional GenBank records, BX511021 has 
almost no biological annotation.  
 
Examine the feature table of the record and verify that the prolactin gene is not annotated 
there.  
 
Clearly, you could not have found this record using a text search for prolactin. However, in this 
case, now that there is an assembled zebrafish genome, you could easily have found this BAC 
clone as a part of the assembly.  The “Master” link on the prolactin mRNA “Links” menu leads to 
the contig that contains this BAC. You could also find the assembly by following the link to Map 
viewer and adjusting the “Maps & Options” so that the “contig” and “component” maps are 
displayed.  BX511021 appears as one of the components. 
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Making a gene model 
You can use the mRNA sequence and the genomic clone sequence to produce a gene model for 
the prolactin gene. The NCBI utilities Spidey and Splign will align mRNA to genomic sequence 
using consensus splice sites to constrain the alignment. Spidey is a fairly simple spliced 
alignment tool that produces good results in uncomplicated cases. Splign is a more sophisticated 
tool capable of producing alternative models. Splign is the tool currently used at the NCBI to aid 
in genome annotation. The Spidey and Splign pages are available at the following URLs: 
 
http://www.ncbi.nlm.nih.gov/spidey/    
 
http://www.ncbi.nlm.nih.gov/sutils/splign/splign.cgi 
 

• Load the Spidey page in your Web browser.  
• Type or paste the genomic accession (BX511021) in the upper text area on the 

form 
• Type or paste the mRNA accession (NM_181437) in the lower text area.  
• Press the “Align” button to run the program.  

 
The entire prolactin gene is contained on this BAC clone.  
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Use Splign to perform the same operations. 
 
Splign is the tool currently used at NCBI to make the mRNA to genomic alignments. 
 

Protein and Structures 
 

Example 1: Zebrafish prolactin 
 
Display the Links menu from the zebrafish prolactin mRNA (NM_181437) from the 
Nucleotides example and follow the link to the protein database.  
 
From the protein record (NP_852102) we can easily find homologs in other species and a 
structure model for the zebrafish protein. There are generally three options here: running BLAST 
with the sequence directly, using the pre-computed BLAST results (BLink), or linking to 
HomoloGene (not available for this record). 
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Using BLink to find homologs 
 
The BLink output provides direct access to sequence similarity results that are equivalent to 
BLAST search against the default (nr) protein database. 
 
Click on the BLink link from the zebrafish prolactin protein record (NP_852102). 
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This output shows the non-redundant hits from a protein-protein BLAST search against nr.  
Notice that there is often more than one protein in the list from the same species. This can occur 
because of multiple entries with different sequences for the same protein or because the protein 
belongs to a family of related proteins– in this case the growth hormone family with several 
members in each organism.   
 
To make it easier to find the one protein for each organism that has the best BLAST score, 
open the “Choose Display Options” section, select the “best hits” radio button, and click 
the “BLINK” button. 
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The output now shows one protein from each organism in the list identified by the species name. 
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The most similar sequences are other fish prolactins, but further down the list are hits to 
mammalian prolactins including human, mouse and rat.  For the mouse human and rat 
sequences in this output, the protein sequence that is shown is an arbitrarily chosen member of a 
non-redundant set.  The NCBI reference sequence (RefSeq) is usually the most useful record 
from one of these redundant sets. You can adjust the Display Options so that only the search 
results against the RefSeq database are shown. 
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Re-set the radio button to “all hits”, select “REFSEQ” from the “Keep only” pull-down list, 
and click the “BLINK” button. 

 

 
 
 
 
 
The resulting output provides a list of the best matching RefSeq proteins. The human, mouse and 
rat prolactin sequences are easily identified. The linked accessions (NP_000939, NP_035294 
and NP_036761) will retrieve those records. The linked SCORE will launch BLAST 2 Sequences 
to compare the zebrafish sequence with the listed one from the other species. 
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Using Related Structure to find a structure model 
 
The Related Structure shortcut on the Links menu of protein records provides access to BLAST 
results against the protein sequences from the Structure database and is the fastest way of 
finding a potential structure for a protein in the database. 
 
Display the Links menu from the zebrafish prolactin protein (NP_852102) and follow the 
link to Related Structure.  
 
 
 
 

 
 
The Related Structure link shows the BLAST alignments of proteins with solved structures.  
 
Increase the number of structure shown by changing the “View” pull-down list from the 
default “Low redundancy” setting to “non-identical” then click “Go”. 
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In the expanded list, the first two are human prolactin NMR structures. These are the most similar 
proteins and would be the best structure models. However these are lower resolution structures 
than the X-ray crystal structures for the growth hormones that are available. Notice the drop in E-
value (significance) from prolactin (1e-27) to the growth hormone entries (1e-15 to 1e-12). 
 
 
The structure 1BP3 is an X-ray crystal structure of the human growth hormone in a complex with 
the extra-cellular portion of the prolactin receptor. 
 
Follow the linked identifier 1BP3_A to the structure summary for 1BP3. 
 
The structure contains two chains; the A chain, the growth hormone, and the B chain, the 
extracellular domains of the prolactin receptor. 
 
Click the “View 3D structure” button to display the structure in Cn3D. 
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(Cn3D must be installed on your computer first. If you are attending an NCBI workshop, Cn3D 
should already have been installed. You can install Cn3D on your own computer by following the 
instructions linked to “Download Cn3D”.) 
 
The structure is displayed showing only the alpha carbon backbone. It is colored by secondary 
structure, and the secondary structure regions are indicated by special objects. The alpha helices 
are indicated with green cylindrical arrows pointing in the C-terminal direction, the beta strands 
are indicated by flat tan arrows. You change the rendering of the structure through the Style 
menu of the viewer. 
 
Use the Style menu and the Rendering Shortcuts to change to Space Fill. Then use the 
Style Coloring Shortcuts to color by Element. 
 
This now more closely resembles a molecular model of the entire complex including the amino 
acid side chains. Notice that all of the elements are represented except for hydrogen (carbon = 
black, oxygen = red, nitrogen = blue, sulfur = yellow).  Hydrogen atoms are below the limit of 
resolution of many structures. 

 
 
Restore the earlier rendering and coloring by setting Style:Rendering Shortcuts:Worms 
and Style:Coloring Shortcuts:Secondary Structure.  
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Hold the mouse button down and rotate the structure so that the zinc ion is visible. Use 
the View menu and Zoom In to get a closer view of the region surrounding the zinc ion.   
 
If the zinc ion gets off-center you can hold the shift key down and drag the structure with mouse 
while holding button down.  You can turn on the side chains to see which ones are coordinating 
the zinc ion. 
 

• Use the Style:Rendering Shortcuts:Toggle Sidechains to turn on the amino acid 
side chains.  

• Use Style: Edit Global Style to display the Global Style menu and change the 
rendering of the Protein side chains to Tubes to make them easier to see.   

• You can highlight the four amino acids that are making contact with the zinc by 
double clicking on the residues in the structure viewer.  

• Notice that the residue highlighted in the structure are also highlighted in the 
Sequence/Alignment Viewer window 

 
There is a histidine (h) and a glutamate (e) from the hormone and an aspartate (d) and a histidine 
(h) from the receptor involved in complexing the zinc ion. 

  
 

Example 2: Human MutL Homolog 1 
 
MLH1 is the product of a well-known human disease gene that is mutated in some heritable 
cancer syndromes. 
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Use the global query to retrieve the Swiss-Prot record for human DNA mismatch repair 
protein MLH1. To save time, you can retrieve it directly using the accession, P40692.    
 
Of course, you could perform a global text search for mlh1, retrieve the protein results, then use 
the “Limits” tab as you did in Example 1 above to obtian precise results.   
 
 
 
P40692 is a record imported from the Swiss-Prot database. Swiss-Prot is a smaller database of 
highly informative protein records. Many of them are equivalent to review articles on a particular 
protein. The present record has a large amount of information on the biology of MLH1 including a 
large list of polymorphisms.  
 
Examine the FEATURES table of the record and locate several of the polymorphisms in the 
first 50 residues of the protein. 
 
FEATURES             Location/Qualifiers 
     source          1..756 
                     /organism="Homo sapiens" 
                     /db_xref="taxon:9606" 
     gene            1..756 
                     /gene="MLH1" 
                     /note="synonym: COCA2" 
     Protein         1..756 
                     /gene="MLH1" 
                     /product="DNA mismatch repair protein Mlh1" 
     Region          1..756 
                     /gene="MLH1" 
                     /region_name="Mature chain" 
                     /experiment="experimental evidence, no  
                      additional details recorded" 
                     /note="DNA mismatch repair protein Mlh1. 
                     /FTId=PRO_0000178000." 
     Region          8..>575 
                     /gene="MLH1" 
                     /region_name="MutL" 
                     /note="DNA mismatch repair enzyme  
                     (predicted ATPase) [DNA replication, 
                      recombination, and repair]; COG0323" 
                     /db_xref="CDD:30671" 
     Region          18 
                     /gene="MLH1" 
                     /region_name="Variant" 
                     /experiment="experimental evidence, no 
                      additional details recorded" 
                     /note="R -> C (in HNPCC2). /FTId=VAR_022663." 
     Region          28 
                     /gene="MLH1" 
                     /region_name="Variant" 
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                     /experiment="experimental evidence, no  
                      additional details recorded" 
                     /note="P -> L (in HNPCC2). /FTId=VAR_004433." 
     Region          31..122 
                     /gene="MLH1" 
                     /region_name="HATPase_c" 
                     /note="Histidine kinase-like ATPases; This family 
                      includes several ATP-binding proteins for 
                      example: histidine kinase, DNA gyrase B, 
                      topoisomerases, heat shock protein 
                      HSP90, phytochrome-like ATPases and DNA mismatch 
                      repair proteins; cd00075" 
                     /db_xref="CDD:28956" 
     Region          32 
                     /gene="MLH1" 
                     /region_name="Variant" 
                     /experiment="experimental evidence, no  
                      additional details recorded" 
                     /note="I -> V (in 
                      dbSNP:rs2020872)./FTId=VAR_014876." 
     Site             order(34,38,41,61,63,65,67..68,101..104,115, 
                      117,122) 
                     /gene="MLH1" 
                     /site_type="other" 
                     /note="ATP binding site" 
                     /db_xref="CDD:28956" 
     Region          35 
                     /gene="MLH1" 
                     /region_name="Variant" 
                     /experiment="experimental evidence, no  
                      additional details recorded" 
                     /note="M -> R (in HNPCC2). /FTId=VAR_004434." 
     Region          37 
                     /gene="MLH1" 
                     /region_name="Variant" 
                     /experiment="experimental evidence, no 
                      additional details recorded" 
                     /note="E -> ELNH (in endometrial cancer; somatic). 
                     /FTId=VAR_004435." 
     Site            38 
                     /gene="MLH1" 
                     /site_type="other" 
                     /note="Mg2+ binding site" 
                     /db_xref="CDD:28956" 
     Region          44 
                     /gene="MLH1" 
                     /region_name="Variant" 
                     /experiment="experimental evidence, no 
                      additional details 
                     recorded" 
                     /note="S -> F (in HNPCC2; the equivalent 



24 NCBI Exercises 11/4/2009  
 
 
 
 
 
 
 
 
                      substitution in yeast causes loss of function in 
                      a mismatch repair assay). 
                     /FTId=VAR_004436." 
                        

Several of these polymorphisms are annotated with the name of a disease or syndrome, for 
example, hereditary non-polyposis colorectal cancer type 2 (HNPCC2).  There is also a 
polymorphism at position 32 that is cross-referenced to NCBI’s dbSNP.  In the following sections, 
you will use some of the pre-computed Entrez relationships to map these polymorphisms onto a 
3D structure.  
 

Links: Related Sequences 
 
Use the “Links” menu as in Example 1 to display “Related Sequences”. 
 
The resulting display is a list of similar sequences in arranged in descending order by BLAST 
score as with the nucleotide “Related Sequences”. Unlike the nucleotide “Related Sequences”, 
the protein similarities typically do find sequences from other species. How exactly the protein 
sequences in this list are related to the sequence in P40692 is not easily seen. Some of these 
proteins are identical to P40692; some are very similar over the entire length, some share only a 
domain in common. All that the list tells you is that the sequences are significantly related. 
Although it isn’t obvious, the first several proteins are, in fact, identical sequences. That set 
includes corresponding records representing this human protein from at least four different 
sources; Swiss-Prot, PRF, RefSeq and more than one translation of a GenBank/EMBL/DDBJ 
sequence.  The inclusion of records from outside protein databases plus our own RefSeq 
database results in a high degree of redundancy at the sequence level in the protein data. The 
records themselves are not redundant, however, since the annotation on the records is different.  
When creating a BLAST database and for BLink, identical sequences are represented as a single 
sequence. The non-redundant database is about 50% smaller than the entire Entrez protein 
database.  
 
Change the “Display “drop-down menu to show 500 records.  Scroll through the list to see 
records from other species. 
 
There are proteins in the list from a wide range of taxa: bacteria, green plants, protozoa, 
multicellular animals. Although the distance of a particular protein from the top of the list appears 
to approximate the evolutionary distance from human, keep in mind that some proteins in the list 
are fragments and may have low scores simply because they are short. You modify the search to 
find all of the proteins from a particular taxon through the “History” tab.  
 
Click on the “History” tab. 
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This is the protein search history that is maintained on our Web server. You can combine the 
entries in your history with other searches. For example, you can combine the entry for related 
proteins, called Protein Neighbors, with an organism query.  
 
Type the number of the entry in your history for the Protein Neighbors in the search box 
followed by an organism search for mouse. For example 
 
#29 AND mouse[Organism] 
 
You will need to turn Limits off if you used them previously.  
 
Then run the search. 
 
There are several proteins from mouse in the related sequences that are now displayed. Since 
the related sequences search is combined with another Entrez search, the sorting order is lost.  
The mouse proteins are listed in arbitrary order, not by their BLAST score with the human MLH1. 
The BLink option that used in Example 1 and below makes it much easier to find homologs in 
other species. It also allows you to see alignments themselves. 

Links: Finding a related structure 
  
Previously you saw that there are a number of sources that contribute to the protein database. 
One source is the Protein Databank (PDB). PDB is a database of 3D biomolecular structures. 
NCBI imports these structures and makes them available in the Entrez system as the Structure 
database.  In addition, protein sequences are extracted from the structures and entries are 
created in the protein database. This makes it easy to find a structure for a particular protein or a 
homolog if one exists.  Several related proteins in the MLH1 example are PDB entries and have 
links to the structure database. 
 
Use the browser “Back” button or the “History” tab to return to the list of related 
sequences to P40692.  Use the “Display” drop down menu to select “Structure Links.” The 
page will automatically refresh. 
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The new set of results that is displayed contains structure records. Notice that the graphic at the 
top of the page has changed, and you are now in the Entrez structure database. As with the 
previous example, the sorting order is lost. Several of these are structures of bacterial DNA 
mismatch repair proteins.  
 

 
 
Retrieve the structure summary for 1B63 by clicking on the linked structure thumbnail 
image. 
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The structure summary page shows a graphic representing the biomolecular chains in the record 
with the 3D domains and conserved domains mapped onto the chain.  
 
 
Display the structure by clicking the image of the structure in the summary.  
 
In order to display the structure, you will need to have the NCBI structure viewer, Cn3D installed. 
If the viewer is not already installed, follow the hyperlink labeled “Get Cn3D” and follow the 
instructions to install Cn3D. 
 
The 1B63 record is the X-ray crystal structure of the N-terminal portion of the MutL DNA 
mismatch repair protein from E. coli. The default display in Cn3D shows the alpha carbon 
backbone of the protein colored by the type of secondary structure; alpha helices are green, beta 
strands are tan, and random coil is blue. There are also 3D objects representing the helices and 
strands.  You can rotate the structure by dragging it with the mouse pointer while holding down 
the left mouse button. Holding the Shift key down will allow you to move the entire structure by 
dragging it with the mouse pointer. 
 
You can modify the way the structure is rendered through the “Style” menu of the viewer.  
 
Use the “Coloring shortcuts” on the “Style” menu to color by Domain.  
 
The color scheme matches that on the structure summary Web page. The purple domain 
corresponds to the 3D domain also identified as a histidine kinase-like ATPase domain.  This 
domain contains many of the protein polymorphisms associated with disease. 
 
Use the “View” menu to zoom in to the ATPase domain. 
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An ATP analog is co-crystallized in this domain. Oxygen atoms on the three phosphates of the 
ATP analog make close contact with a magnesium ion.  An amino acid side chain completes the 
coordination sphere of this metal ion. You can turn on the protein side chains to identify this 
residue. 
 
Now, use the “Style” menu on the viewer to open the “Global” style dialog box. 
 

 
 
Turn on the protein side chains by checking the box on that line.   
 
You can alter the way the side chains are rendered using the corresponding drop down menu. 
 
Press the “Done” button to close the “Style Options” dialog box. 
 
Zoom in to the region of the protein near the magnesium ion and find the side chain that 
makes a contact with the metal ion. Double click on this residue to highlight it.  
 
You can identify the residue and its position by looking at the residue now highlighted in yellow in 
the sequence viewer. 
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BLink: non-redundant protein neighbors 
 
Use the global query on the NCBI homepage or the Protein database to retrieve P40692 
again and follow the BLink link in from the Links menu. 
 
BLink provides a way of viewing related sequences that is more like a standard protein BLAST 
output.. The source database for BLink is essentially the BLAST non-redundant protein database. 
This is the Entrez set with the biologically uninteresting patent sequences removed. At the top of 
the page, is a list of the gi number of sequences in the protein database that are identical to 
P40692. The graphic alignment shows the regions of the proteins that align to the query. The 
hyperlinked BLAST score shows the detailed alignment between the two proteins. 
 
Follow the instructions for Example 1 to generate the “Best Hits” display. 
 
In many cases there may be more than one protein in the display from the same species. 
Sometimes this is because of the presence of paralogous proteins or because there may be 
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differences in the sequences from different sources for the same protein. You can easily identify 
the best protein match from the tomato, Solanum lycopersicum. 
 
Click on the BLAST score on the line containing the best tomato (Solanum lycopersicum) 
protein. 
 
The new window shows the BLAST 2 Sequences alignment between the human MLH1 and the 
best match in tomato.  This is a highly significant local alignment that extends nearly the entire 
length of both proteins. 
 
As in Example 1, you can use the Display options “Keep only” drop down menu to limit to various 
subsets of the protein data, for example PDB to find structures as we did with the Entrez related 
proteins. Another way of finding structures for related proteins is through the “Related structure” 
shortcut on the protein links menu. 
 

Using Related Structures to find a structural model 
 
The “Related structure” shortcut on the protein links menu provides a simple way to find related 
structures.  
 
Retrieve the protein record P40692 and follow the link to Related Structure as in Example 
1.  

 
 
The related structures display provides an output similar to BLink, providing a BLAST output 
sorted by similarity with access to the alignments. The thumbnail image of structures (1B63 A ) on 
the left hand side link directly to the structure summary. The pink alignment graphic links to a 
page with the sequence alignment that allows loading the alignment display in Cn3D. 
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Click on the pink alignment graphic for 1B63_A in the Related Structures display. 
 
 
This display shows the BLAST 2 Sequences alignment between the human protein sequence and 
the E. coli sequence from the 1B63  A chain.  
 

 
 
Click on the “View structure and alignment in Cn3D” button. 
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The resulting Cn3D display now shows the 1B63 structure colored by sequence conservation 
from the alignment of the human MLH1 (bottom sequence) and the N-terminal sequence region 
of MutL (top sequence).  You can use the sequence alignment to map the human residues onto 
the E. coli protein structure. In other words, the human protein is assumed to fold up into a very 
similar structure; the sequence alignment is used as a proxy for the structural alignment. This is 
reasonable as long as the proteins are similar at the sequence level.  You can confirm the validity 
of this to some extent by verifying that structurally and functionally significant residues in the 
structure line up with corresponding residues in the aligned protein sequences. 
 
Manipulate the structure in the viewer and use the view menu on the viewer to zoom in to 
the ATP binding site residue; the asparagine (n) at position 33 of the structure. Verify that 
this residue is aligned with an asparagine in the human sequence.  
 
You can now look at some of the polymorphisms reported in the FEATURES table of P40692 in 
the context of the structure of the protein. Notice that the isoleucine to valine change at position 
32 of the human protein, which is not reported as associated with human disease, occurs on the 
side of the helix containing the ATP binding site residue that is away from ATP. In fact, the 
residue in that position in the E. coli protein is a valine.  A disease causing polymorphism in the 
human protein replaces the proline at position 28 of the human protein with a leucine. The proline 
in this position, which is conserved in E. coli, may be important in constraining the turn at the end 
of the helix. 
 

NCBI Exercises Set 2 

NCBI Genomic Resources 
Albumins constitute a small family of genes in mammals. The human, mouse and rat genomes, 
and probably all mammals contain at least four members: albumin, alpha-fetoprotein, afamin 
(alpha albumin) and the vitamin D binding protein. We will look at various aspects of this gene 
family in the NCBI genome resources. 

UniGene and Gene 
 
UniGene is the best NCBI resource to identify the gene (or suspected gene) that corresponds to a 
particular database sequence. This is especially true for Expressed Sequnce Tags (ESTs) where 
there may be no annotations on the sequence, but may also be important for other sequences 
where the annotation may be incomplete or obsolete. Database identifiers for UniGene searches 
may come from BLAST output or from microarray (hybridization) data. For example, an mRNA 
that hybridized to the EST sequence with accession number BG618460 was highly expressed in 
a human liver tumor sample. We can identify this gene using UniGene. 
 
Retrieve BG618460 from the EST database. You can use the search box on the NCBI 
homepage and retrieve the link to EST on the global query page.  
  
Is there any information on the record indicating what gene this is?   The database ads in the 
right-hand discovery column now immediately reveal that this is an EST from the albumin gene 
(ALB). 
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Follow the ad for the Gene database (“More about the ALB gene”) to identify the function 
of this gene and its products. 
 
Go back to and follow ad for UniGene (“ESTs for the ALB gene”).  
 
Look at the ESTs in this cluster. How many are there? A pair of ESTs (a 5' and 3' read) that 
come from the same clone ID are T58928 and T58869. You'll need to display all ESTs and 
scroll down to see these. Also, identify the RefSeq mRNA in the cluster. You should be 
able to recognize the RefSeq by the characteristic accession. 
 
Link to the BLAST homepage and use BLAST 2 Sequences to align the 5’ and 3’ reads to 
the RefSeq mRNA. 
 
Notice the mismatches that are most likely due to sequencing errors in the ESTs. 
Expression information is implied by the sources of the cDNA libraries in a particular cluster.  
 
Follow the "Expression profile" mapping link to see a "virtual Northern" display of the 
counts from this cluster in UniGene libraries. 
 
 What library pool shows the highest relative expression of this gene?  
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Map Viewer 
 
From the “Gene” page for human Alb, use the “Links” menu to display this gene in the 
Map Viewer.  
 
What chromosomal region is this? What maps are displayed? You can click on the map name at 
the top to learn more about the information displayed for each map. The UniGene map shows the 
density of EST hits on the genome. Generally the peaks in this histogram highlight the exons of 
expressed genes. Notice that there are some hits that don't correspond to the exons shown in the 
gene model on the Genes map. What could these represent?  
 
You may want to use the “Maps and Options” dialog box to remove all except the “Gene” map 
from the display for easier viewing. The “Maps and Options” can be accessed through the button 
on the upper right of the maps. Click “OK” once you adjust the maps. 
 

 
 
Use the zoom graphic on the left hand side of the map viewer to zoom out and display two 
other members of the albumin gene family, AFP and AFM. 
 
 Are these in the same orientation? 
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The fourth member of this small family, the vitamin D binding protein, also called group-
specific component (GC),  is somewhat removed from these on chromosome 4.  
 
Display the entire region between GC and AFM by typing these symbols in the "Region 
Shown" boxes on the left-hand-side and pressing the "Go" button. 
 
Use the “Maps and Options” link to add the mouse and rat gene maps to the display. 
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This display shows gene-to-gene connections of the three genomes. Removing the UniGene map 
may make this easier to view.  These connections are created through the HomoloGene 
database. Notice that the structure of the albumin gene family is conserved in these three 
mammalian genomes.  
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Genomic BLAST pages 
 
Some of the higher genome BLAST pages are helpful because they allow the genomic context of 
the BLAST search to be displayed in the Map Viewer. We can use the human albumin RefSeq 
transcript to identify the homolog in the rat genome. 
 
Follow the link from the BLAST home page (http://www.ncbi.nlm.nih.gov/blast/) to the rat 
genome BLAST page.  
 
Type the accession number for the human albumin precursor, NM_000477, into the search 
box on the BLAST form. 
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Run the search without changing the default settings. 
 
This will use megablast against the assembly. This is faster but less sensitive than ordinary blastn 
when run in contiguous word-hit mode (word size =28, exact match required) as it is here.  
 
Format your results. 
 
Were you able to find the rat homolog? 
 
Repeat the search. This time choose the cross-species megablast option. 
 
You should have found some hits this time. The graphical overview shows that some parts of the 
human albumin transcript did not find any significant matches in the rat. Albumins are not highly 
conserved genes. Notice that the alignments shown in the output are some of the exons of the rat 
albumin gene. The exon matches are ordered by significance; the longest and best conserved 
exons are shown first. Another more interesting way to display these is by the position in the 
genome. 
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Display your results in the rat Map Viewer by linking through the linked RefSeq identifier 
to the contig on rat chromosome 14. 
 
Notice that not all exons were found and that none of the other gene family members were 
identified. You can potentially identify the other members of the gene family in rat by searching 
with the human protein using the translation of the genome 
 
Go back to the rat genome BLAST page and type the human RefSeq protein accession, 
NP_000468, in the search box. 
 
Select the translating BLAST search, tblastn, from the program selection drop down menu. 
 
Display these results in the Map Viewer as with the nucleotide results. 
 
You may need to adjust the zoom level to see your results clearly. What albumin gene family 
members did you find? If you compare the corresponding region in the human genome and 
mouse genomes you may notice that the rat and the mouse have an additional member close to 
afamin. 
 
 
Albumins are also present in other vertebrates. We can use the specialized genomic BLAST 
pages to try to find homologs in other organisms. Links to some of the genome specific BLAST 
pages are available from the BLAST home page (http://blast.ncbi.nlm.nih.gov/Blast.cgi). For 
some genomes, it’s necessary to follow the BLAST link from the Map Viewer homepage. This is 
the link on the BLAST page labeled “list all genomic BLAST databases”. 
 
 
 

 
 
 
 
 This links to the Map Viewer Homepage (http://www.ncbi.nlm.nih.gov/mapview/). 
 
 
Follow the link from the BLAST or Map Viewer home page to the chicken (Gallus gallus) 
genome BLAST page.  
 
Type the accession number for the human albumin precursor, NP_000468, into the search 
box on the BLAST form. 



40 NCBI Exercises 11/4/2009  
 
 
 
 
 
 
 
 
 
Select the translating BLAST search, tblastn, from the program selection drop down menu. 
 
Leave the database menus set on “genome” and click the BLAST button. 
 
Format your results. 
 
Were you able to find matches in the chicken genome? How many potential homologs did you 
find?  
 
Repeat the search for the albumin family using the horse genome BLAST page.  The horse 
genome BLAST page is linked through the “B” icon on the Map Viewer homepage. 
 

Gene and  RefSNP: Craig Venter’s APOE status 
 
Certain isoforms (allelic variants) of the Apoliprotein E gene are associated with increased risk for 
cardiovascular disease and late-onset Alzheimer disease. The common alleles are shown in the 
table below 
 

Isoform Position 112 (130) Position 158 (176) 

e3 Cysteine (C) Arginine (R) 

e4 Arginine (R) Arginine (R) 

e2 Cysteine (C) Cysteine (C) 

 
The positions in parenthesis include the leader peptide, and will be the positions in the 
unprocessed protein. The epsilon 4 isoform seems to increase risk relative to the epsilon 3 allele, 
while the rarer epsilon 2 allele seems to be protective 
 
Search Gene for APOE and retrieve the human Gene record. Follow the link to Gene View 
in dbSNP to see the reference genome status at the critical positions. 
 
Which allele is represented in the reference assembly? 
 
 
Follow the link to the RefSNP at position 130.  Look at the integrated maps section to see the 
status in J. Craig Venter’s genome (HuRef). You can verify this in the Graphic Sequence viewer 
by loading NW_001838496, searching for APOE, and zooming in on the last exon.  
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Using NCBI BLAST 

Identifying sequences 
 
Michael Crichton's fantasy about cloning dinosaurs, Jurassic Park, contains a putative dinosaur 
DNA sequence. Use basic nucleotide BLAST against the nucleotide database, nr, to identify the 
real source of the following sequence from the novel.  You can retrieve the sequence from the 
NCBI ftp site: 
 
ftp.ncbi.nih.gov/pub/FieldGuide/jurassic.txt 
 
Select, copy and paste the sequence into the BLAST form window and run the search 
against the nr(nt) database. Use the default Megablast algorithm. 
 
What is the sequence that Michael Crichton used? 
 
This search is an example of the most common use of nucleotide-nucleotide BLAST: sequence 
identification, establishing whether an exact match for a sequence is already present in the 
database. 
 
 
Mark Boguski, who was at the NCBI at the time, noticed this obvious contaminant and supplied 
Crichton with a better sequence for the sequel, The Lost World. 
You can also retrieve this sequence from the NCBI ftp site: 
 
ftp.ncbi.nih.gov/pub/FieldGuide/lostworld.txt 
 
Select, copy and paste the sequence into the BLAST form window and run the search. 
 
Identify the most likely source of this sequence using nucleotide-nucleotide BLAST.   
 
Mark imbedded his name in the sequence he provided. To see Mark's name, use the translating 
BLAST (blastx) page with the sequence. (Look for MARK WAS HERE NIH). 
 
The most important use of the translating BLAST services is to look for similar proteins (identify 
potential homologs) in other species. 
 
 

Short Nucleotide Sequences and Algorithm Parameters 
 
A frequent use of nucleotide-nucleotide BLAST is to check the specificity oligonucleotides for 
hybridization or PCR The goal most people have when doing this is to make sure that the primer 
will give a unique product from the target genome or cDNA population. Because BLAST is local 
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and searches both strands, one can simply concatenate a pair of +/- strand primers and use them 
in a single search.  You can try the traditional method below with this set of primers then use the 
new PrimerBLAST tool, linked under “Specialized BLAST” to check the primers 
 
Combine the following pair of candidate PCR primers in a nucleotide-nucleotide search 
against the nr(nt) database. Be sure to choose blastn (Somewhat similar sequences) as 
the BLAST program under “Program selection.” 
 
F12 GTCAAGTGGCAACTCCGTCAG           
 
R8   TTGAGAGATGGATTGTTGCTC 
 
 
To prevent false matches that overlap the forward and reverse primer sequences, type ten 
or more “n’s” between the sequences when using them as a query.  
 
GTCAAGTGGCAACTCCGTCAGnnnnnnnnnnTTGAGAGATGGATTGTTGCTC 
 
 
Retrieve the results and identify the gene amplified by these primers.  
 
What is the predicted size of the product that would be amplified by PCR from cDNA (RT-PCR)? 
How could you distinguish the products amplified from genomic DNA versus cDNA? 
 
You can also try these primers against the human genomic plus transcript database to get a 
clearer view of the product predicted from genomic DNA in the Map Viewer.  
 
Now try these modified primers in standard nucleotide-nucleotide BLAST. There is one 
mismatch in each near the middle.  
 
F12_mod     GTCAAGTGGCgACTCCGTCAG       
 
R8_mod      TTGAGAGATGtATTGTTGCTC 
 
GTCAAGTGGCgACTCCGTCAGnnnnnnnnnnTTGAGAGATGtATTGTTGCTC 
 
Notice that the previous hits are completely missing. This is because the default word size setting 
requires an exact match of 11 before extensions can occur. A mismatch in the middle of a 21-mer 
will prevent any initial word hits. There is an automatic adjustment for short sequences that will 
allow these hits with mismatches to be found. However the sequence with the linking “n’s” is too 
long to trigger the adjustment.  
 
Run the search again with the forward and reverse primers as separate sequences. Copy 
and paste the following FASTA formatted primers in the search box. 
 
>F12_mod      
GTCAAGTGGCgACTCCGTCAG       
>R8_mod       
TTGAGAGATGtATTGTTGCTC 
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Your results should now display a message that your search parameters were adjusted to search 
for a short input sequence, and you should see results for both primers. Notice that although 
there are now hits, the original hits are still missing. This is because the expect value of the 
mismatch hits is above 10. 
 
You can manually adjust search parameters to short sequence setting through the “Algorithm 
parameters” section of the nucleotide BLAST form. After adjusting these, the search with the 
concatenated mismatched primer will work. 
 
Go back to the BLAST form. Click on the reset page link at the top to restore the default 
settings. Then select blastn under “Program Selection” and expand the “Algorithm 
parameters” section of the form. Make the following changes. 
 

• Uncheck the box next to “Automatically adjust parameters for short input 
sequences.” 

• Increase the expect threshold to 100. 
• Set the Word size to 7 
• Set the Match Mismatch Scores to 1, -3 
• Uncheck any Filter options 

 
Now run the search again with the concatenated mismatch primers. 
 
GTCAAGTGGCgACTCCGTCAGnnnnnnnnnnTTGAGAGATGtATTGTTGCTC 
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Do you find the original hits now?  
 
 

Protein-protein BLAST and Short Peptides: ELVIS lives 
 
As the database grows, so does the number of chance occurrences of amino acid motifs that 
spell out words or people's names in single-letter amino acid codes. One such name motif is 
ELVIS.  In this example we will count the number of occurrences of ELVIS in the default protein 
database.  The automatic adjustment of search parameters will allow us to find matches with this 
short peptide 
 
 
Type ELVIS in the search box on the blastp form.  
 
Expand the Algorithm parameters section and adjust the number of Max target sequences 
to 1000 or more to include all Elvises. 
 
Run the search. 
 
What is the expect value for an exact match to ELVIS? The number of Elivises increases in a 
linear fashion with the size of the database in accordance with the random behavior of protein 
sequences.  
 
Click on the “Edit and Resubmit” link at the top of the BLAST form. Examine the Algorithm 
parameters section to see how the settings were adjusted to search with this short 
peptide. 
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PSI-BLAST and Conserved Domains 
 
 
The histine kinase-like ATPase domain (HATPase_c) is present is a wide variety of proteins with 
quite different functions. These include bacterial sensor histidine kinases, DNA mismatch repair 
proteins, topoisomerases, DNA gyrases and 90 KDa heat shock protein homologs. We can use 
PSI-BLAST to demonstrate the similarity among these proteins that is not apparent with ordinary 
BLAST. 
 
Use the human DNA mismatch repair protein MLH1 (NP_000240) in an ordinary blastp 
search and examine the conserved domain results to verify the presence of the 
HATPase_c domain. 
 
 
 
From the results of the above search, click the “Edit and Resubmit” link and make the 
following changes to prepare to run a PSI-BLAST search with just the region of MLH1 that 
corresponds to the HATPase_c domain 
 

• Set the query subrange in the boxes on the right hand side of the form. Use 32 as 
the “From” coordinate and 122 as the “To” coordinate. 

• Change the database to “swissprot.” 
• Change the “Program Selection to PSI-BLAST.” 
• Expand the “Algorithm parameters” section and set the “Max target sequences” to 

5000. 
Now click the BLAST button to run the first iteration of PSI-BLAST and examine the 
results. 
 
The results are just the blastp results that are formatted for PSI-BLAST. Notice that the 
descriptions section of the results is divided into two sections. The upper section contains the 
sequence with alignments that will be used to generate the position specific score matrix in the 
next iteration of PSI-BLAST. These sequence alignments have e-values less than 0.005. This 
cut-off is empirically determined to give good results in PSI-BLAST searches.  All of the proteins 
above this threshold in the first iteration are DNA mismatch repair proteins PMS, MutL and HexB 
homologs. Just below the PSI-BLAST threshold with e-values ranging from 0.008 to 6.0 are 
several bacterial signaling histidine kinases. Some of these have marginally significant e-values 
in ordinary BLAST but many are not distinguishable from chance matches. 
 
Now click the “Run PSI-BLAST iteration 2” button to run the second iteration of PSI-
BLAST and examine the results. 
 
There are now new proteins less than the 0.005 threshold. Notice that these are now marked with 
a “New” graphic while the proteins found in the previous iteration are marked with a green ball. 
Many of the new proteins are topoisomerases or DNA gyrases. There are also many more 
gyrases and topoisomerases just above the 0.005 threshold. 
 
Retrieve a few of the new proteins in Entrez by clicking on the linked identifier and verify 
that that they contain the HATPase_c domain. 
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Click the “Run PSI-BLAST iteration 3” button to run the third iteration of PSI-BLAST and 
examine the results. 
 
Again there are new proteins, not only more gyrases and topisomerases, but also signaling 
histidine kinases and HSP90 chaperonins. 
 
Continue to run PSI-BLAST iterations until you have collected some plant phytochrome 
and ethylene receptor proteins below the 0.005 threshold. 
 
These are plant signaling proteins. As these results show, plant ethylene receptors and 
phytochromes are related by sequence similarity to the two component sensor kinase system of 
bacteria.  
 
Demonstrate the similarity between the HATPase_c domain of the E. coli sensor protein 
PhoR (PHOR_ECOLI,  P08400) and plant ethylene receptors by performing a first iteration 
PSI search against swissprot. Use a query subrange on PhoR of 318 to 421. 
 
Now, continue to run PSI-BLAST iterations until the plant phytochromes appear. 
 
The number of iterations should be fewer than when using the MLH1 protein as a query. 
 
Retrieve the protein record for an ethylene receptor (ETR1_LYCES, ETR1_ARATH) and a 
phytochrome (PHYA_ARATH, PHY_PICA) by following the link to Entrez. Compare their 
domain structures by following the links to the pre-computed Conserved Domains results. 
 
What three domains do they have in common? 
 
Retrieve a protein record for one of the bacterial sensor proteins (PHOR_ECOLI) and 
examine its domain structure.   
 
Notice that the plant proteins and the bacterial protein all contain the histidine kinase domain 
(HATPase_c) and the HisKA (phosphoacceptor) domain. In the classic two component bacterial 
system, the HisKA domain is phosphorylated on a conserved histidine residue by the HATPase_c 
domain in response to an external signal. This phosphate is then transferred from the HisKA 
domain of the sensor protein to a conserved receiver domain on a separate response regulator 
protein. In the case of PhoR the response regulator is PhoB. 
 
Retrieve the E. coli PhoB protein (PHOB_ECOLI, P0AFJ5) and examine its domain 
structure as before.  
 
Notice the presence of the receiver domain (REC) and a DNA binding effector domain 
(trans_reg_C) in PhoB. In the plant ethylene receptors examined previously there is a receiver 
domain is on the receptor itself, but the effector domain present in PhoB is lacking. The plant 
ethylene receptors apparently mediate their effects through the MAP-kinase pathway. Unlike the 
ethylene receptors, the phytochromes function as serine/threonine kinases but also appear to 
share an ancestry with bacterial histidine kinases. 
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Translating BLAST searches, mining polymorphisms 
 
The prion protein is found in high concentrations in the brains of humans and other mammals. In 
certain degenerative neurological diseases, prion proteins aggregate into polymers. Several of 
these prion diseases seem to be transmissible. Perhaps the most remarkable aspect of these is 
that the infectious agent appears to be an aberrant form of the prion protein itself. Bovine 
spongiform encephalopathy (BSE) is one of the transmissible prion diseases that has received 
much recent notoriety. There are a number of polymorphisms that have been identified in the 
prion proteins for several mammals, notably human, mouse, and sheep. Some of these are 
associated with inherited prion diseases and some with susceptibility to transmissible forms.  
 
Retrieve the SWISS-PROT record for the human prion protein (PRIO_HUMAN, P04156) and 
look at the FEATURE table to see the various polymorphisms. 
 
Notice the methionine / valine polymorphism at position 129. The amino acid at this position 
affects the particular disease phenotype when another disease causing mutation is present. 
People who are heterozygous at this position appear to be more resistant to kuru, one of the 
transmissible encephalopathies.  There is population genetic evidence that their may have been 
balancing selection for heterozygotes at this position during human evolution.   The EST data for 
human represents a large number of individuals and can be used as a resource for identifying 
nucleotide polymorphisms. In this case, we can investigate the prevalence of the two alleles at 
position 129 of the prion protein in the EST data for human. We will use one of the formatting 
options to make the different alleles easier to identify. 
 
Set up and run this search by following these steps: 
 

• From the BLAST homepage, link to the tblastn form “Search translated nucleotide 
database using a protein query.” 

 
• Type the prion protein accession number, P04156, in the search text area. 

 
• Use the “Query subrange” boxes to use only residues 100 to 160.  

 
• Choose the “Expressed sequence tags (est)” database. 

 
• Type “human” in the Organism limit box and choose human (taxid:9606) from the 

resulting list to limit to human sequences. 
 

• Open the Algorithm parameters section and set the Max target sequences to 1000  
 

• Turn off the “Low complexity” filter option. 
 

• Click the BLAST button to run the search. 
 

• Immediately click the “Formatting options” link at the top of the intermediate page. 
 

• Set the alignment view to “Query-anchored with dots for identities.”  This is  a 
stacked pairwise alignment format that makes it easy to see changes relative to the 
query sequence in all the database hits at once. 
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Click the “View report” button to display the results. 
 
Look at the alignments to see the how the query-anchored format helps to investigate changes in 
sequences. Find position 129 in the query. Which amino acid is most prevalent at position 129? 
 
 
 

WGS and Trace Archive Data in Entrez and BLAST 
 
Verify that nearly all of the rabbit DNA records in the NCBI database are whole genome shotgun.  
You can retrieve all nucleotide rabbit sequences by using the Limits tab and setting the field 
restriction in the pull-down list to organism. You can further limit to genomic DNA through the 
“molecule” pull-down list.  
 
How many records are there?    
 
Follow the link to the “CoreNucleotide” results before continuing. Now restrict to whole 
genome shotgun records by adding the following query term to your search. 
 
wgs[Properties] 
 
The overall search performed now is  
 
rabbit [Organism] AND biomol_genomic[Properties] AND wgs[Properties] 
 
The first record is the master record for the project that gathers all of the contigs. You can get 
only this record by adding wgs_master[Properties] to the search.  
 
Retrieve the first contig record in you list and verify that it is unannotated –no genes or 
other features.  
 
Using BLAST, Spidey and Splign to annotate wgs  
 
You can find the genomic sequences corresponding to a rabbit (Orycolagus cuniculus) mRNA 
sequence by using BLAST to search the wgs database. A sequence that demonstrates this is the 
rabbit apolipoprotein A-1 mRNA (NM_001101687). 
 

• From the BLAST homepage select the blastn page 
 

• Type NM_001101687 in the “Search box” and select wgs as the database.  
 

• Use the Organism limit feature to limit to rabbit (taxid:9986)  
 

• Expand the Algorithm parameters section and set the e-value threshold to 1e-12. 
 

• Run the search and re-format your results using the “CDS feature” option and 
“Pairwise with identities” Alignment view option.  
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Your search should hit one wgs contig (AAGW01335306). How many exons did you identify in 
each?   
 
Use the sort by “Query start position” to put the exons in the genomic order on 
AAGW01335306. 
 
 
This is a rather primitive gene model because it does not constrain the alignment breaks to splice 
junctions.  
 
Use the same mRNA and genomic sequences as above, make gene models using the 
spliced alignment tools Spidey and Splign and compare them to the BLAST results. 
 
The spliced alignment tools place two of the exon-intron boundaries at slightly different points 
than BLAST alignments. 
 

Trace Archive 
 
Some sequences are only available through the NCBI trace archive. 
 
http://www.ncbi.nlm.nih.gov/Traces/trace.cgi? 
 
These data can be retrieved by species code or trace number. The most important way to search 
these is through the Trace archive megablast pages. Both standard (contiguous) megablast and 
cross-species megablast are available. These are linked through the BLAST tab on the main 
trace archive page or through the BLAST homepage in the Specialized BLAST section. 
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We can use the cross-species page to find an HSP70 gene homolog in the sea lamprey 
(Petromyzon marinus) traces 
 

• Go to the BLAST homepage and choose the trace archive search from the 
Specialized BLAST section. 

 
• Enter the accession number for the human HSP70 1A  mRNA Reference Sequence 

(NM_005345) in the search box on the BLAST form. 
 

• Choose Petromyzon marinus-WGS as the database and set blastn as the program. 
 

• Click the BLAST button to run the search. 
 
Because HSP70 is well conserved it is easy to find homologs in the sea lamprey at the nucleotide 
level using the human sequence. Many less well-conserved genes may only be identified at the 
protein level. Unfortunately the large size of the trace databases makes translating searches 
impractical. 
 

New BLAST Displays 
 

TreeView 
 
The treeview display in BLAST will not always produce reasonable phylogenetic species trees or 
gene trees because the alignments are not multiple sequence alignments and don’t necessarily 
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include all residues. Nevertheless searches with complete mitochondrial genomes often 
reproduce accepted phylogenetic groupings.   
 
From the BLAST homepage,  choose the blasn page. . Select the RefSeq genomic 
database from the database pull-down list and put the accession for the wolf 
mitochondrial genome (NC_008092) in the “Search” box as a query.  
 
The Refseq genomic database contains chromosome (NC_) RefSeqs including plastid genomes, 
mitochondrial genomes and chromosomes for prokaryotic  genomes.  
 
Use the following Entrez limit to restrict to the mammalian order carnivora (dogs, cats, 
seals, hyenas, weasels etc.).  
 
carnivores[organism] NOT gene in genomic[properties] 
 
 
This last term, “NOT gene in genomic[properties]”, eliminates hits to mitochondrial insertion 
sequences present in the dog genome.  
 
Run the search. Click on the “Distance Tree of Results” link under the BLAST graphic to 
display the tree. Compare the groupings to the classification of the carnivores in the NCBI 
Taxonomy database.  
 
The family groupings correspond to those in the tree. However, many families of carnivores are 
not represented because the mitochondrial genomic sequences are not available yet.  
 
 

New View of Results and Genome and Transcript Databases 
 
The new human genome and transcript database provides direct access to the human genome 
through the main BLAST page. The new view options provide a more organized and sortable 
presentation of the results. 
 
Use nucleotide-nucleotide BLAST (blastn) to search the human genome plus transcript 
database with the human alcohol lactate dehydrogenase B  (LDHB) transcript 
(NM_002300).  
 
Use the new sorting options and summary statistics to identify the functional multi-exon 
gene by sorting using the “Total Score” column.  
 
On which chromosome is the functional gene? How many exons does it have?  
 
Use the “Sort alignments” feature to sort by “Query start position” to get the exons in 
genomic order.  
 
On which chromosome is the longest retrocopy pseudogene? 
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Follow the linked identifiers to the human Map Viewer to display the hits for both the 
functional gene and the retrocopy pseudo gene. 
 
 
 
 
 


